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Abstract 

A highly-asymmetric "if)" factory" may be the best approach for studying D°D° mixing. 
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The Standard Model predicts extremely small mixing between the D° and its antiparticle 
D°, thus D°D° mixing is potentially a window on new physics JIJ. Tantalizing hints from 
CLEO [0] and FOCUS |3j that D°D° mixing may be on the verge of detectability in current 
experiments suggest that a dedicated experiment to study this phenomenon could be worth- 
while. Photoproduction experiments are at the limit of statistics, and circular e + e~ colliders 
are systematically limited. While hadroproduction experiments such as BTeV could obtain 
orders of magnitude more reconstructed D° decays than either FOCUS or CLEO [[|, they are 
likely to have poor efficiency at the short proper times where the mixing effect is largest. 

In principle D° mixing can be sought both in hadronic and in semileptonic D° decay 
modes ||. While the hadronic modes are better constrained (no missing neutrals) and have 
higher statistics, they have systematic uncertainty due to the difficulty of untangling mixing 
from doubly Cabibbo-suppressed decay, which leads to the same final states. As at the B 
factories, the decay ip" — > D°D° has the appealing feature that the quantum numbers of the 
initial state forbid doubly Cabibbo-suppressed decays. This feature could be exploited at the 
proposed || CESR-c facility, but with relatively low luminosity, since the -0" mass is lower than 
optimal for a ring the size of CESR. In a symmetric e + e~ collider set at ^/s = m^,», there is 
also appreciable background from continuum events, which contributes systematic uncertainty. 

A /iz^/i/y-asymmetric e + e~ i/j" factory could be the solution to these problems. Consider, for 
the sake of discussion, collisions between a 50 GeV positron beam (say, from the SLAC linac) 
and a high-intensity, low-energy electron beam. We require 

= m r = 3770 MeV « y/2EiE 2 (l - P1P2 cos 0) . (1) 

With a crossing angle 9 = 90° and E x = 50 GeV, Eq. | is satisfied for E 2 = 142 MeV. Such 
electron energy can be inexpensively produced by a small linac, however, achieving the required 
luminosity £ ~ 10 33 cm~ 2 s~ 2 may require low-energy-beam intensity that is impractical for a 
conventional linac. The "energy-recovery" linac may offer a practical solution J7|. Another 
possibility that has been considered is a "proof-of-principle" laser-plasma-acceleration linac |J. 

The aim in laying out such a facility would be kinematics for the decaying D meson similar 
to those in a fixed-target experiment. The resulting high proper-decay-time precision and 
background suppression have been established repeatedly in experiments at Fermilab (Fig. 1). 
The large crossing angle assumed above should facilitate placement of vertex detectors close 
to the interaction point as in fixed-target experiments, albeit with a gap for passage of the 
high-energy beam, an arrangement that was used sucessfully in Fermilab E789 ||. We hope to 
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FIG. 1: Figures from |J showing cleanliness of FOCUS D° samples both for a) Cabibbo-allowed and 
b) doubly Cabibbo-suppressed decays. 

explore this idea further in the future. 
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